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Abstract

This article addresses the pedagogical challenge of teaching empirical probability, where
the impracticality of conducting thousands of manual trials forces educators to favour
theoretical definitions over experiential learning by doing. To restore this essential
discovery aspect, the paper demonstrates how freely available generative-Al chat tools
can put a live, browser-based classroom simulation in front of students in a matter of
minutes — without programming, paid software, or platform-specific dependencies. Using
the familiar experiment of tossing a coin, students observe in real time how the empirical
probability of getting heads converges to the theoretical probability as the number of tosses
increases. This simple hands-on activity makes the Law of Large Numbers intuitive and
engaging. Requiring only a web browser, a plain text editor, and a free Al assistant, the
method enables interactive probability learning on virtually any device in any classroom.

Keywords: empirical probability, law of large numbers, simulation, generative Al ICT in
education, secondary mathematics, classroom accessibility

1 Introduction

Empirical probability requires one to do thousands of experiments repeatedly and randomly, making
it impractical in the short span of a classroom environment. Educators therefore take refuge in the
definition: when an experiment is conducted randomly and repeatedly, after thousands of trials the
results converge to the theoretical probability. This takes away the learning by doing aspect from the
learner, which is otherwise essential to the appreciation of concepts in mathematics.

This article addresses that concern in the teaching-learning environment. The question is how
educators can teach the convergence of empirical probability to theoretical probability as the number of
experiments grows. The solution presented here is based on the use of random numbers — essentially
pseudo-random numbers, which still address the concern of randomness to a good extent.

Consider a question familiar to every student who has flipped a coin during a classroom activity: if a
fair coin is tossed repeatedly, what fraction of the tosses will result in heads? It is not a question one
can answer confidently from just a few flips. A small number of tosses may produce highly uneven
outcomes purely by chance. To answer it empirically, one must toss the coin many times, count the
number of heads, and compute the average. And yet, for teaching empirical probability, this is exactly
the kind of question we want. Suppose, for the sake of demonstration, that the theoretical probability
of obtaining heads is 50

In recent years, freely available artificial-intelligence chat tools have made it possible for any teacher
— even one with no programming background — to generate a working classroom simulation in a

92



Empirical Probability Reimagined

single conversation. The article is divided into two parts. In Part 1, we ask a free Al assistant to
write a simulation of repeated coin tossing. In Part 2 we use the resulting page in class to make the
convergence of empirical probability to theoretical probability visible to students in real time.

2 Methods

Part 1 — Generating the Simulation with a Free AI Assistant

Several free Al chat tools can write a complete classroom simulation from a single instruction. Any of
the following work well; choose the one you are most comfortable with:

+ DeepSeek — chat.deepseek. com (free, no payment required)

+ Google AI Studio (Gemini) — aistudio.google.com (free with a Google account)

« Claude — claude.ai (free tier)

« Indian-built options: Sarvam Al (sarvam.ai) and Krutrim (olakrutrim.com), both with
strong support for Indian languages

The steps below use DeepSeek as an example. The procedure is identical for any of the others.
Step 1. Open the chat tool in any web browser.

Figure 1
Opening a free Al chat tool

(@ Start chatting with Instant

4 Instant © Expert

3 DeepThink @ search 0]

Note: DeepSeek is shown here. The same workflow applies to any of the free assistants listed above
(Gemini, Claude, Sarvam, Krutrim) — the chat input box is the only feature this article requires.

Step 2. Paste the following prompt into the chat box and press Enter:

Please write a complete single-file HTML page that simulates flipping many coins. Each
coin lands on Heads with probability 0.5 (otherwise it lands on Tails). The page should
show, on a live line graph, the running fraction of Heads as more and more coin flips are
performed. Important: do not display, label, or draw the theoretical probability anywhere on
the page — no target line, no “theory” value, and no statement of what the fraction settles
toward. Students should predict and discover the limiting value for themselves. Use only
plain HTML, CSS, and JavaScript — no external libraries. Include: Start, Pause, Resume, and
Restart buttons A text box allowing the user to change the total number of coin flips (default:
2,000), A live-updating graph as the simulation runs A display showing: Total flips performed,
Number of Heads, Number of Tails, Current experimental probability of Heads Use a clean
coin-themed color palette (gold, silver, dark blue, and white). Add a coin emoji in the page
title and create a modern, student-friendly UL
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One instruction in this prompt is worth pausing on: we deliberately tell the assistant not to display,
label, or draw the theoretical probability anywhere on the page. It would have been easy — and is what
these tools tend to do by default — to mark a dashed line at 0.5 and announce “the fraction converges
to the theoretical probability” But an applet that states the answer does the students’ thinking for
them. The whole value of an empirical-probability experiment is that learners predict a value, watch
the running fraction wander and then steady, and only afterward compare what they saw with the
theory. If the target is printed on the screen from the first flip, there is nothing left to discover; the
activity collapses from an investigation into a demonstration. Withholding the theoretical value is
therefore not a missing feature — it is the pedagogical point, and it is the kind of judgement a teacher,
not the tool, has to supply when prompting. We return to this in Part 2, where students record their
own prediction before the simulation runs.

Figure 2
Entering the simulation prompt

@ Start chatting with Instant

4 Instant Q@ Expert

Please write a complete single-file HTML page that simulates flipping many coins. Each
coin lands on Heads with probability 0.5 (otherwise it lands on Tails). The page should
show, on a live line graph, the running fraction of Heads as more and more coin flips are
performed. Important: do not display, label, or draw the theoretical probability anywhere on
the page — no target line, no "theory” value, and no statement of what the fraction settles
toward. Students should predict and discover the limiting value for themselves. Use only
plain HTML, CSS, and JavaScript — no external libraries. Include: Start, Pause, Resume, and
Restart buttons A text box allowing the user to change the total number of coin flips (default:
2,000), A live-updating graph as the simulation runs A display showing: Total flips performed,
Number of Heads, Number of Tails, Current experimental probability of Heads Use a clean
coin-themed color palette (gold, silver, dark blue, and white). Add a coin emoji in the page
title and create a modern, student-friendly Ul.

&3 DeepThink | @D search (0] o

Note: The full coin-toss simulation prompt is pasted into the chat input. Pressing Enter (or the send
arrow) submits it to the assistant; a complete HTML page typically returns in under a minute.

Step 3. The assistant returns a block of HTML code (Figure 3). Above the code block is a small toolbar;
click Download to save the complete page straight to your device as an HTML file. (If your tool offers
no download button, click Copy instead, paste the code into any plain-text editor, and save it with a
.html extension.)
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Figure 3
Assistant response with HTML code

Here is an HTML document that creates an interactive coin-flipping simulation with a live-updating graph,
complete with Start, Pause, Resume, and Restart controls.

html B Copy JDownload [>Run

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="UTF-8" />
<title> Coin Flip Simulation</title>
<style>
rroot {
--coin-deep: #b45309;
--coin-mid: #d97706;
--coin-light: #fef3c7;

--ink: #1e293b;
--bg: #fgfafc;
--panel: #EFFFFT;
3
* { box-sizing: border-box; }
body {
margin: Q;

font-family: "Segoe UI", system-ui, sans-serif;
background: var(--bg);
color: var(--ink);
padding: 24px;
}
header {
text-align: center;
margin-bottom: 16px;

}

Note: The assistant replies with a single block of HIML, CSS, and JavaScript. The toolbar above the code
block offers Copy, Download, and Run; clicking Download saves the complete page as a ready-to-open
.html file in one click.

Step 4. Double-click the downloaded file. It opens in any browser, works offline, and requires no
software beyond what every device already has. The simulation is now ready to use in class.

If at any point the page does not behave as expected, paste the code back into the AI chat and describe
what is wrong. The assistant will revise the code. The teacher need not learn any programming
language to do this.
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Figure 4
The coin-flip simulation after a completed run of 2,000 flips

& Empirical Probability — Coin Flips

Each "flip" is a fair coin toss. Watch the running fraction of Heads as the flips add up — can you predict where it settles?

Number of flips: | 2000 Wm m

Flips completed: 2000 Heads so far: 1002 Observed rate: 0.5010

-

Observed fraction of Heads
i o b

Number of flips completed

— Observed fraction of Heads

Note: The orange line shows the running fraction of Heads after each flip — it swings widely over the
first few flips and then steadies as the number of flips grows. The page deliberately marks no target
value: students predict where the fraction will settle and compare that prediction with what they see.

Part 2 — Using the Simulation in Class

Once the file is open in the browser, select the desired number of trials and press Start. The live

graph updates continuously as each coin is flipped. This helps students clearly visualize the concept of

convergence through the classic coin flip experiment, effectively supporting our educational objective.

As in the traditional coin flip example commonly used to explain convergence, the following classroom

activities work particularly well with this page:
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+ Predict first. Before pressing Start, ask students what the running fraction of heads will look

like after 10 flips, after 100 flips, and after 1,500 flips. Their predictions help reveal their intuition
about randomness and variability in repeated coin toss experiments.

Vary the trial count. Run 50 flips, then 500, then 5,000. Students see that the observed
proportion of heads fluctuates significantly when only a few coin flips have been performed,
and gradually stabilizes near 50% as the number of flips becomes very large.

Change the underlying rate. The coin is only the simplest case. Any event that either happens
or does not — a Bernoulli trial — behaves the same way, just settling near a different value. Ask
the assistant to change the probability in the prompt from 0.5 to another number (say 0.7), and
relabel the two outcomes to match the event you care about. Students then watch the running
fraction converge toward the new rate rather than toward one-half — making the point that the
law of large numbers is not special to a fair coin. The next section works one such example in
full.

Share with students. Because the file is a single HTML page with no dependencies, it can be
sent on the class group, opened on a student’s phone, or hosted on the school’s intranet. Students
can run their own experiments at home.
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From Coins to Chapatis

The same page handles any everyday yes-or-no event, and a familiar one makes the idea concrete. Not
every chapati puffs up on the tava — some stay flat. Suppose a class watches a batch at home and finds
that about 7 out of every 10 chapatis puff. That is a Bernoulli trial with a success probability of 0.7
rather than the coin’s 0.5.

Gathering thousands of chapatis is no more practical than tossing a coin thousands of times, so we
simulate. The only change to the Step 2 prompt is the rate and the labels: ask the assistant for a page
where each chapati puffs with probability 0.7 (otherwise it stays flat) — and, exactly as before, instruct
it not to reveal that rate on the page, so students still predict and discover it. Everything else — the live
graph, the Start/Pause/Restart buttons, the running-fraction display — stays the same. Pressing Start,
students watch the fraction of puffed chapatis swing wildly over the first few trials and then steady,
settling near a value they can compare against their prediction — just as the coin did.

The mathematics has not changed; only the rate has. Running the coin and the chapati side by side
drives home the point that convergence is a property of every repeated random trial, not a quirk of the
fair coin — and that students can choose the experiment that means the most to them. A school bus
arriving on time or a kite staying aloft in the summer wind works just as well; each is one word and
one number away.

3 Conclusion

Empirical probability need not stop at a definition memorised from a textbook. With a free Al assistant
and a plain text editor, any teacher can put a live, interactive convergence experiment in front of
students within minutes — on any device, in any classroom. We began with the coin and then, by
changing a single rate, watched the same page model a chapati puffing on the tava; a school bus
arriving on time or a kite staying aloft in the summer wind would work just as well. The mathematics
is unchanged; what changes is who gets to see it happen.
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